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(54) Bifurcated stent graft 

(57) A bifurcated stent graft (18, 92, 122, 130, 144) 
implantable in branched interna] passageways includes 
an open-frame stent latticework (34, 94, 126, 146) 
formed of helically wound structural strands (36), and a 
graft sleeve (40, 110, 124, 132, 150, 152) formed of in- 
terwoven textile strands (60). The sleeve is substantially 
imperviousto fluids and is adjustable abng with the graft 
between a nominal state and radially-reduced axiafly- 
ebngated state, according to substantially the same re- 
lationship of radial reduction versus axial elongation. 
The sleeve and stent are bonded to one another at least 



at proximal and distal end regions of the stent graft The 
sleeve preferably is surrounded by the stent, and incor- 
porates a flow dividing feature in the form of an axially 
extending seam (56, 112, 114, 134, 136). The seam 
brings together portions of the sleeve that otherwise 
would be circumferentially spaced apart in the tubular 
sleeve shape. The stent latticework and graft sleeve can 
be coextensive, the sleeve can extend dtstally beyond 
the latticework, or the latticework can extend proximally 
beyond the sleeve, depending on the intended use. in 
other alternative embodiments, the sleeve can surround 
the latticework. 
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Description 

This application claims the benefit ol priority of Pro- 
visional Application No. 60/047,749 entitled "Bilurcated 
Stent Graft," filed May 27, 1997. 

BACKGROUND OF THE INVENTION 

The present invention relates to body implantable 
devices, and more particularly to the prostheses incor- 
porating the characteristics of stents and grafts, and 
having a flow dividing capability useful for implantation 
in branched blood vessels. 

A variety of treatment and diagnostic procedures in- 
volve devices intraluminal^ implanted into the body of 
a patient. Among these devices are stents, such as dis- 
closed in U.S. Patent No. 4,655,771 (Wallsten). The 
Wallsten devices are tubular, braided structures formed 
of helically wound thread elements. The stents are de- 
ployed using a delivery catheter such as discussed in 
U.S. Patent No. 5,027,377 (Burton, et al.). With the stent 
positioned at the intended treatment site, an outer tube 
of the delivery catheter is withdrawn, allowing the stent 
to radially expand into a substantially conforming sur- 
face contact with a blood vessel wall or other tissue. 

Thread elements or strands formed of metal are 
generally favored for applications requiring flexibility 
and effective resistance to radial compression after im- 
plantation. Metal strands can be thermally formed by a 
moderately high temperature age-hardening process 
while mounted on a mandrel in the desired configura- 
tion. The strands, due to their high modules o1 elasticity, 
cooperate to provide the needed strength. Strand flexi- 
bility also permits a radial compression and axial elon- 
gation of the stent that facilitates intraluminal delivery of 
the stent to the treatment site. Because the serf-expand- 
ing stent generally remains at least slightly radially com- 
pressed after fixation, its elastic restoring force can pro- 
vide acute fixation. 

The favorable combination of strength and flexibility 
is due largely to the properties of the strands after they 
have been age-hardened or otherwise thermally treat- 
ed. The braid angle of the helical strands and the axial 
spacing between adjacent strands also influence 
strength and stability. Age-hardening processes are de- 
scribed in U.S. Patent No. 5,628,787 (Mayer) and U.S. 
Patent No. 5,645,559 (Hachtman, et al.). 

An alternative stent construction features plastically 
deformable metallic structures, which also can be com- 
posed of helically wound metallic strands. Such stent 
does not require an outer tube or other feature to main- 
tain it in a reduced-radius state during delivery. Howev- 
er, radial expansion requires a dilatation balloon or other 
expansion means. 

Regardless of whether stents are self-expanding or 
plastically deformable, they characteristicalry have an 
open mesh or open frame construction, or otherwise are 
formed with multiple openings to facilitate radial en- 



largements, and to allow tissue ingrowth. Such stents 
typically expand axially or longitudinally as they radially 
contract, and in the case of resilient stents, also axially 
contract as they radially expand. 
5 Prostheses with more tightly woven strands are 
known. For example, U.S. Patent No. 4,681,110 (Wik- 
tor) discloses a flexible tubular liner insertable into the 
aorta to treat an aneurysm. The liner is a tight weave of 
flexible plastic strands, designed to elastically expand 
to against the aneurysm to direct blood flow past the an- 
eurysm. The tight weave is intended to minimize leak- 
age, so that the liner can effectively shunt blood through 
to eliminate the aneurysmal sac from the blood path. 
The Wiktor device and others like it notwithstand- 
15 ing, those of skill in the art have continued to encounter 
difficulty in providing a device that simultaneously ac- 
commodates the competing needs of taw permeability, 
strength and flexibility for radial compression and ex- 
pansion. One known response to this difficulty is a com- 
20 bination stent graft, in which a compliant but substan- 
tially fixed-radius and tightly woven graft is sutured or 
otherwise coupled to a radially expandable stent. Upon 
release, the stent is intended to radially expand to the 
graft diameter. This requires a careful matching of the 
25 graft diameter with the lumen diameter at the treatment 
site. Otherwise, either an oversized graft is compressed 
between the stent and body tissue with undesirable fold- 
ing or gathering of the graft material, or an undersized 
graft prevents the stent from radially expanding suffi- 
30 ciently to anchor the device. 

Another difficulty arises from the fact that the stent 
layer and graft layer, even when they are constructed to 
undergo combined radial contraction and axial elonga- 
tion, behave according to different relationships govem- 
os ing the amount of radial reduction for a given axial in- 
crease. When the stent framework elongates a greater 
amount for a given radial reduction, elongation of the 
composite structure tends to tear the bond joining the 
graft and the stent. Conversely, if the graft layer under- 
40 goes greater axial expansion, an unwanted increase in 
bending stiffness causes localized reductions in diame- 
ter when the stent graft is bent around tight radii. Nego- 
tiation through tortuous vascular passageways be- 
comes more difficult, and in some instances impossible. 
45 Several prosthesis constructions have been sug- 
gested for composite braided structures that combine 
different types of strands, e.g., multi filament yams, 
monofilaments, fusible materials and collagens. Exam- 
ples are found in International Patent Publications No. 
50 WO 91/10766, No. WO 92/16166, No. WO 94/06372, 
and No. WO 94/06373. A highly favorable combination 
of strength, resistance, range of treatable lumen diam- 
eters and low permeability has been achieved by woven 
composite devices featuring textile strands interbraided 
ss with either cold-worked or thermally set structural 
strands, as disclosed in U.S. Patent Applications Serial 
No. 08/640,062 and Serial No. 08/640,091, both filed 
April 30, 1 996 and assigned to the assignee of this ap- 
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plication. Although such devices are well suited for a 
wide range ot procedures, there are costs and complex- 
ities inherent in interweaving different types of strands. 

The application of stent grafts to branched vessels 
is known, for example as disclosed in U.S. Patent No. 
5,522,680 (Barone, et al.), and U.S. Patent No. 
5,507,769 (Marin, etaL). The foregoing problems apply 
to stent grafts in general, and thus confront designers 
of bifurcated stent grafts as well. 

Therefore, it is an object of the present invention to 
provide a bifurcated prosthesis structure that affords the 
advantages of stents and grafts, yet does not require an 
interbraiding of structural strands and textile strands. 

Another object is to provide a process for manufac- 
turing a bifurcated stent graft in a manner that better en- 
sures that the open-frame structural layer and the bw- 
permeability fabric layer remain securely fixed to one 
another as they undergo radial and axial enlargements 
and reductions. 

A further object is to provide a bifurcated prosthesis 
that incorporates highly permeable open areas and low 
permeability covered areas, and thus is adapted for se- 
lective axial positioning to shunt blood flow where re- 
quired while remaining open to branches of the vessel 
under treatment. 

Yet another object is to provide a system, incorpo- 
rating a bifurcated stent graft, that is less costly to man- 
ufacture and easier to implant. 

SUMMARY OF THE INVENTION 

To achieve these and other objects, there is provid- 
ed an implantable prosthesis for branched internal pas- 
sageways. The prosthesis includes a tubular open- 
frame structural member adjustable between a nominal 
state and a radially-reduced axially-elongated state ac- 
cording to a first relationship of radial reduction vs. axial 
elongation. The prosthesis further includes a compliant 
fluid flow guide formed of textile strands, also adjustable 
between a nominal state and a radially-reduced axially- 
elongated state, according to a second relationship of 
radial reduction vs. axial elongation substantially equiv- 
alent to the first relationship. The fluid flow guide in- 
cludes an axffllly-extending first region along which the 
fluid flow guide is tubular to provide a primary fluid flow 
conduit. 

The structural member and the fluid flow guide are 
joined to one another to undergo radial enlargements 
and contractions in concert A selected one of the struc- 
tural member and the flu id flow guide surrounds the oth- 
er. A flow dividing feature, provided along a second ax- 
ially-extending region of the fluid flow guide, provides a 
plurality of secondary fluid flow conduits along the sec- 
ond region. Each of the secondary conduits is open to 
the primary conduit 

in one particularly preferred construction, the struc- 
tural member is a stent formed of interconnected struc- 
tural strands in first and second sets of helices. The hel- 



ices are wound in opposite directions to form a first braid 
angle with respect to a longitudinal axis of the stent 
when the stent is in the nominal state. Further in this 
arrangement, the flow guide is a sleeve or graft formed 

* of textile strands. The textile strands are wound in third 
and fourth sets of helices, oppositely directed to form a 
second braid angle with respect to the longitudinal axis 
when the sleeve is in its nominal state. The first and sec- 
ond braid angles are within five degrees of one another, 

10 more preferably within about three degrees, and most 
preferably within about one degree. In a helical weave, 
the braid angle is an important factor in determining the 
degree of radial reduction for a given amount of axial 
elongation. Thus, the matching of braid angles, aug- 

15 mented by appropriately matching the stent and sleeve 
as to size when each is in the nominal state, ensures 
that the stent and sleeve behave according to substan- 
tially the same relationship of radial reduction vs. axial 
elongation. Accordingly, there is no tendency in the stent 

£0 to tear free of the sleeve due to a more rapid axial elon- 
gation for a given radial reduction. Conversely, there is 
no unwanted increase in bending stiffness due to an ax- 
ial elongation of the sleeve that exceeds that of the 
stent. 

25 A variety of structural modifications and versions of 
the prosthesis can be practiced according to the inven- 
tion. The stent may extend only to the proximal end of 
the graft, or may extend proximally beyond the graft. 
Further, the stent may extend only along the first region 

30 ol the sleeve, or alternatively extend distally to encom- 
pass the second region of the sleeve as well. 

According to one aspect of the invention, a body in- 
sertable prosthesis includes a compliant and substan- 
tially fluid impervious sleeve with tubular proximal and 

35 distal end regions. A tubular open-frame structural 
member surrounds the sleeve and is fixed to the sleeve 
at least along the tubular end regions, whereby the 
structural member and the sleeve are adjustable in con- 
cert between a nominal state and a reduced-radius 

40 state. A flow dividing feature defines a plurality of medial 
fluid flow conduits along a medial region of the sleeve 
for accommodating fluid flow axially through the sleeve. 
Each of the medial conduits is open to the proximal and 
distal end regions of the sleeve. 

45 Preferably the sleeve is formed of a continuous fab- 
ric wall, and the flow dividing feature comprises a cou- 
pling of two portions of the fabric wall circumferenttally 
spaced apart from one another when the sleeve as in a 
cylindrical shape. The coupling can involve the sleeve 

50 alone, leaving the structural member in its tubular con- 
figuration. This results in a more stable stent graft struc- 
ture. Because the stent remains cylindrical, its response 
to external forces remains more consistent over its en- 
tire axial length. The device is easier to fabricate, since 

55 only the sleeve needs to be formed into a non-cylindrical 
shape. 

The arrangement also enhances implantation. Hav- 
ing the stent surround the sleeve, rather than vice versa, 
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improves acute and chronic fixation. Moreover, a sys- 
tem including the prosthesis and a pair of distal cylindri- 
cal stent grafts is easier to implant This is because the 
open distal end of the prosthesis functions like a funnel 
to guide the insertion of the cylindrical stent grafts, each 
to an associated one of the medial fluid flow conduits. 

The preferred flow dividing feature is stitching in the 
form of one or more seams through portions of the graft 
or sleeve that would be circurnferentially spaced apart 
from each other if the sleeve remained in the tubular 
shape. A single, axlally extending stitching line forms 
two fluid flow conduits from the tubular sleeve. Typically, 
the circumferential spacing between the sleeve portions 
is about 180 degrees, in which case the two fluid flow 
conduits are substantially the same size. A pair of 
spaced apart seams can be used to form three sid e -by- 
side fluid fiowcondu its. Alternatively, two relatively close 
stitching lines can be used to form two fluid flow con- 
duits. The sleeve material between the stitching lines 
can be severed to provide separate tubular legs defining 
the separate conduits. 

Further according to the invention, there is provided 
a process for making a stamped graft implantable in 
branched internal passageways, according to the fol- 
lowing steps: 

(a) providing a tubular stent comprised of a plurality 
of structural strands and adjustable between a nom- 
inal state and a radially-reduced axia!ry-e Ion gated 
state according to a f irst relationship of radial reduc- 
tion vs. axial elongation; 

(b) providing a tubular sleeve comprised of a plural- 
ity of compliant textile strands, having a nominal 
state in which the sleeve is substantially the same 
size and shape as the stent in its nominal state, and 
adjustable between the nominal state and a radial- 
ly-reduced axialiy-elongated state according to a 
second relationship of radial reduction vs. axial 
elongation substantially equivalent to the first rela- 
tionship; 

(c) forming a coupling of two otherwise circumfer- 
entially spaced apart portions of the sleeve along 
an axially extending selected region of the sleeve 
to form at least two side-by-side fluid conduits along 
the selected region, thus forming the sleeve into a 
fluid flow guide having a primary fluid conduit along 
a proximal end region of the sleeve in fluid commu- 
nication with the side-by-side fluid conduits; 

(d) positioning a selected one of the stent and the 
sleeve within the other of the stent and sleeve, so 
that said other surrounds the selected one, and with 
the selected one so positioned, bringing the stent 
and sleeve into an engagement; and 

(e) while maintaining the engagement, binding the 



stent and the sleeve together to form a composite 
stent graft. 

Thus, in accordance with the present invention, a 
5 bifurcated prosthesis affords the advantages of stents 
and grafts without requiring an interbraiding of structural 
strands and textile strands. The prosthesis is formed 
with an open-frame structural layer and a fluid impervi- 
ous graft fabric layer. Although formed separately, the 
10 structural and fabric layers are integrally fixed to one an- 
other Further, because these layers behave according 
to the same relationship governing axial expansion vs. 
radial reduction, radial expansions and contractions do 
not unduly strain the bond or compromise its integrity. 
is "me prosthesis is easier and less costly to fabricate, es- 
pecially when the structural layer surrounds the graft 
fabric layer. This configuration permits the structural lay- 
er to remain in a tubular configuration along its entire 
axial length, while only the interior graft layer is specially 
20 shaped to provide the number of fluid flow conduits de- 
sired. 

IN THE DRAWINGS 

25 For a further appreciation of the above and other 
features and advantages, reference is made to the fol- 
lowing detailed description and to the drawings, in 
which: 

30 Figure 1 is a side elevation, partially in section, 
showing a bifurcated stent graft constructed in ac- 
cordance with the present invention contained with- 
in the deployment device; 

35 Figure 2 shows the stent graft in side elevation in 
an unconstrained, radially expanded state; 

Figure 3 is an end elevation of the radially expanded 
stent graft; 



40 

Figure 4 is a sectional view taken along the line 4-4 
in Figure 2; 

Figure 5 is a sectional view taken along the line 5-5 
45 in Figure 2; 

Figure 6 is a sectional view taken along the line 6-6 
in Figure 2; 

so Figure 7 is a sectional view taken along the line 7-7 
in Figure 3; 

Figures 8-1 2 schematically illustrate the fabrication 
of the bifurcated stent graft; 



55 



Figure 13 illustrates a system of implantable pros- 
thetic components including the bifurcated stent 
graft; 
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Figure 14 illustrates the system of Figure 13 im- 
planted; 

Figure 15 illustrates an alternative embodiment bi- 
furcated stent graft constructed according to the in- 
vention; 

Figure 16 illustrates another alternative bifurcated 
stent graft embodiment; 

Figure 17 illustrates a further alternative bifurcated 
stent graft embodiment; 

Figures 18 and 19 illustrate yet another embodi- 
ment bifurcated stent graft; and 

Figure 20 illustrates a further embodiment stent 
graft 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Turning now to the drawings, there is shown in Fig- 
ure 1 a deployment device 16 for delivering a bifurcated 
stent graft 18 to an intended fixation site or treatment 
site within a body lumen, then controllably releasing the 
stent graft for radial self-expansion and fixation within 
the body lumen. 

The device includes an elongate and flexible outer 
catheter 20 constructed of a biocompatible polymer 
such as polyurethane. A central lumen 22 runs the 
length of catheter 20. A distal end region 24 of the outer 
catheter surrounds 6tent graft 18. An inner catheter 26 
is contained within lumen 22 and runs along the entire 
length of the outer catheter. At the distal end of inner 
catheter 26 is a tapered distal tip 28 which extends be- 
yond the outer catheter. Stent graft 18 surrounds inner 
catheter 26, confined between the inner and outer cath- 
eters. A lumen 30 in the inner catheter accommodates 
a flexible guide wire tracked by device 16 as ft is ad- 
vanced toward the treatment site. 

Bifurcated stent graft 16 is formed o1 resilient ma- 
terials, and in Figure 1 is shown elasttcalty compressed 
into a radially-reduced and axialfy-elongated delivery 
state. Outer catheter 20 maintains the stent graft in the 
delivery state against its elastic restoring force. An an- 
nular detent 32, mounted to inner catheter 26, occupies 
a space between the inner and outer catheters to limit 
proximal travel of the stent graft relative to the inner 
catheter. As outer catheter 20 is moved proximally rel- 
ative to inner catheter 26, the detent prevents stent graft 
18 from following the outer catheter. 

Catheters 20 and 26, while maintaining stent graft 
1 8 in the delivery state, are moved translumenafly to de- 
river the stent graft to the site. Once the stent graft is 
positioned as Intended, inner catheter 26 is held station- 
ary while outer catheter 20 is withdrawn proximally. The 
inner catheter, because of detent 32, maintains the stent 



graft properly aligned as the stent graft radially self-ex- 
pands toward an intimate contact with tissue at the treat- 
ment site. The stent graft does not expand completely 
to the relaxed state (i.e., its condition when not subject 
s to any external force). Consequently, the stent graft ex- 
erts a residual force on surrounding tissue that tends to 
acutely fix the prosthesis. At this point, the stent graft 
has a diameter larger than the diameter of distal tip 28, 
so that the inner catheter and tip can be proximally with- 
10 drawn to leave the stent graft in place. 

In Figures 2 and 3, bifurcated stent graft 1 8 is shown 
in its nominal or relaxed state, indicating the lack of an 
external force. The stent graft is formed of several con- 
centre layers which act in concert during radial expan- 
ds sions and contractions. The radially outside layer is a 
stent 34, which is a framework or latticework of resilient 
monofilament structural strands 36. Strands 36 are ar- 
ranged in two sets of parallel helices wound in opposite 
directions about a common longitudinal axis 38. The 
20 strands intersect one another to define rhombotic inter- 
stices and a braid angle alpha («) bisected by the lon- 
gitudinal axis. The braid angle is in the range of about 
60-150 degrees, more preferably about 90-140 de- 
grees. 

25 The braid angle Is defined with reference to the 
nominal state of stent 34. Compression of the stent graft 
into the delivery state substantially reduces the braid an- 
gle. At the same time, the braid angle influences the re- 
lationship between radial compression and axial ebn- 

30 gation of the stent graft. Smaller braid angles result in 
less axial shortening for a given amount of radial en- 
largement Conversely, with a larger braid angle, the 
same radial expansion results in more axial shortening. 
For a given strand size and strength, a larger braid angle 

35 imparts greater resistance to radial compression and 
more positive acute fixation. 

Structural strands 36 are elastic, strong, b to-com- 
patible, hemo-compatible, and resistant to corrosion 
and fatigue. Suitable materials include certain stainless 

40 spring steels, cobalt-based alloys, titanium alloys, and 
clad composites disclosed in U.S. Patent No. 5,628,787. 
Several preferred cobalt-based alloys are sold under the 
brand names Elgiloy, Phynox, and MP35N. Strands 36 
also can be formed of polymers, including PET, polypro- 

45 pyiene, PEEK, high density polyethylene, polysulfone, 
acetyl, PTFE, FEP, and polyurethane. Suitable strand 
diameters range from about 0.002 inches to about 0.01 5 
inches. 

The latticework surrounds a graft 40 which is a tex- 
50 tile sleeve or fabric sheeting formed of multiple textile 
strands interwoven with one another. The textile strands 
are braided in oppositely directed helices and intersect 
one another to define the braid angle theta (d) substan- 
tially the same as braid angle alpha of the latticework. 
55 More particularly, the two braid angles should be within 
about five degrees of one another, more prelerably are 
within three degrees, and most prelerably are within 
about one degree. 
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The textile strands preferably are multiple-filament 
yams, although they can be monofilaments. Either way, 
the textile strands are much finer than the structural 
strands, ranging from about 10-400 denier. The multi- 
ple-filament yams generally have a high degree of com- 
pliance, and also preferably are substantially inextensi- 
ble. Preferred yams are composed of PET (Dacron). 
Other acceptable materials include polypropylene, a 
high molecular weight polyethylene sold under the 
brand name Spectra, polyurethane, high density poly- 
ethylene, polyethylene, silicone, PTFE, polyolefins, and 
ePTFE. 

Because of the fineness of the textile strands and a 
close or tight weave, sleeve 40 can be microporous yet 
essentially impervious to body fluids. The textile sheet- 
ing of the graft is highly compliant, tending to conform 
to the changes in shape ol stent 34 as the stent graft 
either radially self-expands or is radially reduced. The 
shape of the stent essentially determines the shape of 
the stent graft. 

Despite the compliant nature of the graft proper 
matching of the graft and stent is critical to achieving 
high performance. In general terms, the stent lattice- 
work and graft sleeve are matched so that when adjust- 
ed between their nominal states and their delivery 
states, they behave according to about the same rela- 
tionship of radial reduction vs. axial elongation. The ap- 
propriate matching in this embodiment involves forming 
the latticework and the sleeve with about the same braid 
angle, i.e., 9 = In other embodiments, appropriate 
matching may require at least a slight difference in an- 
gles d and «, as discussed below. 

Stent 34 and graft 40 are integrally secured to one 
another by an adhesive layer 42, preferably silicone. 
The silicone adhesive forms an extremely thin (e.g., 
0.005 inches or 0.12 mm) layer between the stent and 
graft, adhering to both. Due to the matching of the lat- 
ticework and sleeve braid angles, adhesive layer 42 is 
required to accommodate only slight movement of the 
sleeve relative to the latticework during radial expan- 
sions and contractions of the stent graft Matching 
avoids a difference in axial elongation rates that other- 
wise would unduly stress the adhesive layer and/or 
cause unwanted stiffness in resistance to bending. As 
a result, the stent graft is usable over a wider range of 
radii, elasticaily compressible to a smaller radius, and 
better able to negotiate tortuous or serpentine arterial 



Stent 34 is shaped as a tube, more particularly a 
circular cylinder Graft 40, along a proximal end region 
44 and a distal end region 46, likewise is circular cylin- 
drical in shape. Along an axially extending medial region 
45, the graft transverse section resembles a figure eight 
rather than a circle as seen in figures 4 and 5. Finally, 
the graft includes proximal and distal transition regions 
48 and 50 between the medial region and the end re- 
gion, where the transverse section changes gradually 
from one shape to the other. Figure 6 is a section taken 



along transition region 48, Illustrating one of the inter- 
mediate transverse sections. Transition regions 48 and 
50 are shown in figures 3 and 7 where an inside surface 
47 of the graft is visible, and also are shown in figure 5 
s where an outside surface 49 of the graft is visible. As 
perhaps best seen in figures 5-7, stent 34 is not shaped 
to conform to the graft but rather remains tubular. 

The figure eight profile along medial region 45 is 
caused by an axially extending coupling of two opposed 
10 portions 52 and 54 of the graft. In the absence of the 
coupling, the sleeve would be cylindrical along its full 
length, and portions 52 and 54 would be circumferen- 
tially spaced apart from one another by about 180 de- 
grees. As seen in figures 2 and 7, the coupling is a 
is straight line seam 56 extending in the axial direction. 
The seam is sewn in zigzag stitching, preferably with a 
stretchable stitch. If desired, radiopaque markers 55 
and 57 can be provided at opposite ends of the seam. 
Seam 56 overcomes the tendency of sleeve 40 to as- 
20 sume the tubular form, and thus shapes the graft to pro- 
vide the medial and transition regions. 

Fabrication of the bifurcated stent graft initially in- 
volves separate formation of stent 34 and graft 40. For- 
mation of the stent includes winding structural strands 
26 36 in helices of the desired size and axial spacing, from 
multiple bobbins onto a cylindrical mandrel 58 (figure 8). 
For further details of this winding process and other 
manufacturing stages with references to a cylindrical 
non-bifurcated device, reference is made to U.S. Patent 
30 Application Serial No. 08/946,906 entitled 'Stent Graft 
with Braided Polymeric Sleeve," filed October 8, 1 997, 
and assigned to the assignee of this application. 

After their removal from the mandrel, structure 
strands 36 are heat treated to determine the shape of 
35 the latticework in its nominal state. Metallic monofila- 
ment strands are age hardened within a furnace in a 
near vacuum or other protective atmosphere. Alterna- 
tively, the structural strands can be formed of a recovery 
metal, in which case the latticework is plastically deform- 
40 able when mantained below an activation temperature. 
In this context the nominal shape is the shape to which 
the latticework returns when heated at least to the acti- 
vation temperature. A titanium nickel alloy known as 
"NitinoP is suitable for this type of strand. As a further 
46 alternative, the latticework can be formed of plastically 
def ormable strands other than recovery metal strands. 
In yet another alternative, thermoplastic structural 
strands are thermally set about a mandrel, at much low- 
er temperatures than their metallic counterparts. 
60 Graft sleeve 40 is lormed by braiding textile strands 
60 about a shaping mandrel 62 (Figs. 9-10), again in 
two sets ol parallel, oppositely directed helices. The 
multi-tllament yams are wound at a braid angle theta 
chosen with respect to braid angle alpha of the lattice- 
ss work, to closely match the geometrical diameter and 
elongation properties of the latticework and sleeve when 
these components are formed into the stent graft. Figure 
1 0 shows in detail multi-filament yams 60 interwoven in 
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a two-over-two pattern, and also shows braid angle the- 
ta While wound about mandrel 62, the textile strands 
are thermally set to give the sleeve its nominal state. 
Thus, prior to their Joinder the latticework and sleeve are 
formed independently of one another. Further details 
about forming the sleeve are found in the aforemen- 
tioned patent application serial no. 08/946,906. 

Before assembly of the latticework and sleeve, the 
sleeve is sewn along medial region 45 to create a flow 
dividing feature that separates flow of fluids into two sep- 
arate channels of approximately equal dimension. 
Seam 56, as noted above, extends axially and draws 
together opposed sleeve portions 52 and 54 that other- 
wise would be circumferentially spaced apart about 160 
degrees. Thus, seam 56 shapes the graft sleeve, from 
its original tubular form to a form suitable for use of the 
sleeve as a fluid flow guide. Along medial region 45, the 
sleeve forms two fluid flow conduits 64 and 66 of nearly 
equal size. Along proximal region 44 and along distal 
region 46, the sleeve continues to define a single fluid 
flow conduit. 

Folbwing their independent formation, the sleeve 
and latticework are bonded to one another. Preferably, 
where possible the bond extends circumferentially 
about the interface between the latticework interior sur- 
face and the sleeve exterior surface. The bond should 
be highly uniform, to avoid stress concentrations and in- 
sure more uniform behavior of the stent graft during 
bending, radial expansions and radial contractions. To 
this end, a siloxane polymer (silicone) adhesive is ap- 
plied as a uniformly thick coating to latticework 34, al- 
though it can be applied to the sleeve or to both the lat- 
ticework and sleeve. To enhance uniformity, the silicone 
is dispersed in an organic solvent of xylene and THF 
(tetrahydraf uran) at a concentration ol about 6% in the 
silicone polymer, by weight Suitable alternative organic 
solvents include toluene and trichbroethylene. Suitable 
alternative polymers include flurosilicone and polycar- 
bonate urethane. Alternative adhesives include polycar- 
bonate urethanes such as disclosed in U.S. Patent No. 
5,229,431 (Pinchuk). 

The polymer/solvent solution is sprayed onto the 
latticework to a uniform thickness of about 0.005 inches 
over the entire latticework surface. Alternative ap- 
proaches employ a polymeric adhesive in powdered 
form, or apply the polymer in liquid form by a hot melt 
process. For further details, see the aforementioned 
08/946,906 application. 

Next, the latticework and sleeve are assembled by 
axially elongating the sleeve with clamps 68 and 70 to 
reduce its radius, then inserting the reduced-radius 
sleeve into latticework 34 while maintaining the lattice- 
work in its nominal state. Once inserted, sleeve 40 is 
allowed to axially shorten and radially expand into a sur- 
face engagement with the radially inside surface of the 
latticework. The thickness of the silicone coating is tak- 
en into account in sizing the sleeve and latticework with 
respect to one another. It has been found advantageous 



to select the respective radii of sleeve 40 and latticework 
34 so that when allowed to expand, the sleeve exerts a 
slight radially outward force onto the surrounding lattice- 
work, with the latticework exerting a counteracting radi- 

s ally inward lorce upon the sleeve. The counterbalancing 
forces improve the bond. 

At this stage the stent graft is maintained in an oven 
to cure the silicone polymer adhesive. After curing, the 
stent graft is removed from the oven and allowed to cool 

10 to ambient temperature. The cured silicone polymer ad- 
heres to the sleeve and to the latticework, causing stent 
graft 18, in spite of its three distinct layers, 34, 40 and 
42, to behave as a unitary structure. 

Thus formed, bifurcated stent graft 1 8 combines fa- 
vorable attributes of self-expanding stents and of grafts. 
Latticework 34 provides radial compressibility, self-ex- 
pansion over a wide range of radii and a residual force 
sufficient for acute fixation. Sleeve 40 provides reduced 
permeability so that the bifurcated stent graft is essen- 
ce tially impervious to biood and other body fluids. Conse- 
quently, the stent graft is particularly well suited for use 
in a system 72 for treating an aortic annurism. The sys- 
tem, as seen in figure 13, includes stent graft 18 and 
two cylindrical stent grafts 74 and 76. Each of cylindrical 

25 stent grafts 74 and 76 includes a tubular latticework or 
open frame, and a tubular fabric sleeve, bonded togeth- 
er as described above for bifurcated stent graft 16, ex- 
cept that both the sleeve and latticework remain circular 
cylindrical in shape. Each of cylindrical stent grafts 74 

30 and 76 is insertable into distal end region 46 of sleeve 
40, then further into an associated one ol medial fluid 
conduits 64 and 66 while in a radially reduced state. 
When allowed to radially self expand, each of the cylin- 
drical stent grafts engages the sleeve along its associ- 

35 ated medial conduit, thus anchoring the graft within the 
associated conduit. 

Figure 1 4 illustrates stent graft system 72 implanted 
within the aorta 78. Stent graft 18 extends from below 
renal arteries 80 and 82, to a point above the natural 

40 bifurcation, thus to bypass an aneurysm 84. Cylindrical 
stent grafts 74 and 76 extend distal V from the distal end 
of stent graft 18, each into a corresponding one of iliac 
arteries 86 and 88! To complete the bypass, each of cy- 
lindrical stent grafts 74 and 76 is in fluid communication 

45 with one of medial conduits 64 and 66. 

To achieve the implantation illustrated in figure 14, 
bifurcated stent graft 18, while maintained in the re- 
duced-radius axially-elongated state in deployment of 
device 16, is advanced intravascular^, reaching the aor- 

so ta 78 either through one of iliac arteries 86 and 88, or 
from above the aorta. When positioned as desired, stent 
graft 18 is released by withdrawing outer catheter 20 
and allowed to self -expand, after which device 16 is 
withdrawn. 

ss Next, cylindrical stent graft 74, radially reduced 
within a device simitar to device 1 6„ is advanced trans- 
lumenally to iliac artery 86 and upwardly toward the dis- 
tal end region 46 of bifurcated stent graft 18. A single 
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conduit along the distal end of the bifurcated graft pro- 
vides a large capture area that facilitates insertion of cy- 
lindrical graft 74. As stent graft 74 is advanced lurther 
toward medial region 45, the sleeve along transition re- 
gion 48 functions as a funnel to guide the proximal end 
of stent graft 74 toward Its associated medial conduit 
until the stent graft is inserted within the associated me- 
dial conduit. Radiopaque marker 57 at seam 56, and a 
radiopaque marker 90 at the proximal end of stent graft 
74, can be used to confirm entry into the medial conduit. 
When stent graft 74 has been inserted to the extent de- 
sired, it is released from its device and allowed to self- 
expand into an engagement with sleeve 40 that secures 
the stent graft At this point, the device used to deploy 
the stent graft can be withdrawn. 

In substantially the same manner, cylindrical stent 
graft 76 is advanced along iliac artery 88, and into its 
associated medial conduit via distal end region 46 of 
stent graft 18. Once again, the distal end region facili- 
tates initial capture, and transition region 48 acts as a 
funnel to properly guide the cylindrical stent graft to its 
associated medal conduit. Release of stent graft 76 al- 
lows radial expansion into the securing engagement. 

To more effectively address a variety of treatment 
situations, a variety of alternative embodiment stent 
grafts can be formed according to the above-discussed 
process. 

Figure 15 illustrates a stent graft 92 in which a lat- 
ticework 94 extends axially only along a proximal region 
96 of a fabric sleeve 98. In this embodiment, a stitching 
line 100 extends to a distal end 102 of the sleeve, so 
that sleeve 98 has two fluid flow conduits at and near 
the distal end. Forming sleeve 98 of a substantially in- 
extensible multi-filament yam is particularly advanta- 
geous in connection with this embodiment and in other 
embodiments in which a substantial portion of the 
sleeve extends unsupported by a latticework. 

Figure 16 illustrates another alternative embodi- 
ment stent graft 104 in which a latticework 106 extends 
only along a proximal region 108 of a sleeve 110. Stent 
graft 104 differs Irom stent graft 92 in Figure 15 in sev- 
eral respects. First latticework 106 extends proximally 
beyond sleeve 110. This permits use of the latticework 
to fixate the device with the proximal open portion erf the 
latticework aligned with the renal arteries, to achieve fix- 
ation without impeding blood flow. Another difference is 
that two substantially parallel seams 112 and 114 are 
formed along a distal region 1 1 6 of the sleeve. As in pre- 
vious embodiments, two fluid flow conduits are formed. 
Further, however, materia] between the seams is sev- 
ered, to form two legs 118 and 120 movable independ- 
ently of one another. The legs are thus positionable in 
iliac arteries 86 and 88, either to accept additional cy- 
lindrical stent grafts such as 74 and 76, or to complete 
a bypass without the need for further stent grafts. 

Figure 17 illustrates a further alternative embodi- 
ment stent graft 122 in which a fabric sleeve 124 sur- 
rounds a stent latticework 126. The latticework is pro- 



vided only along a proximal region 1 28 of the sleeve. In 
embodiments of this type, where the graft or sleeve is 
disposed about the stent or other structural support, the 
braid angle of the textile strands preferably is between 
6 the 100.91 percent and 105.45 percent of the braid an- 
gle of the structural strands. In the preceding embodi- 
ments, where the graft is disposed inside of the struc- 
tural support, the braid angle of the textile strands pref- 
erably is between 97.72 percent and 102.27 percent of 
to the braid angle formed by the structural strands. 

If desired, a modified form of stent graft 122 can be 
provided, in which the latticework extends for the entire 
axial length of the sleeve. This enhances structural sup- 
port, but also requires a shaping of the latticework to 
is bring otherwise circumf erentially spaced apart portions 
of the latticework and sleeve together for dividing the 
flow within the bifurcated graft. As noted above, when 
the latticework or stent surrounds the sleeve, only the 
sleeve need be shaped in this fashion. 
20 Figures 18 and 19 illustrate another embodiment 
stent graft 1 30 in which a sleeve 1 32 is coupled along 
two seams 134 and 136, spaced apart sufficiently to 
form three fluid flow conduits 138, 140 and 142 in fluid 
communication with a single proximal conduit. 
26 Figure 20 shows another embodiment stent graft 
144 in which a stent or latticework 146 extends along a 
proximal portion 148 of a fabric sleeve 150. Part of the 
latticework also extends proximally beyond sleeve 150, 
to surround a tubular sleeve 152 spaced apart from 
30 sleeve 1 50. Each of sleeves 1 50 and 1 52 is positionable 
along an intraluminal location where shunting of the 
blood flow is desired. An exposed intermediate region 
154 between the sleeves is positionable in alignment 
with a branch of the vessel being treated, so that sent 
as graft 130 can provide the necessary shunting without 
blocking flow between the main vessel and a branch be- 
tween the two sleeves. 

With all of the aforementioned embodiments, the 
graft or sleeve can be woven with essentially untwisted 
40 (or slightly twisted) mu ttifilarnent yams in which the fila- 
ments have surface twisting angles of at most about 15 
degrees. Such yams can be formed with non-circular 
cross sections. More particularly, a desired aspect ratio 
(wA or width divided by thickness) is at least two. For 
45 more information about these yams, reference is made 
to the aforementioned U.S. patent application serial 
number 08/946,906. 

Thus in accordance with the present invention, a bi- 
furcated prosthesis can be fabricated without interbraid- 
so ing structural strands and textile strands, yet afford the 
advantages of stents and grafts. The prosthesis incor- 
porates a highly permeable open-frame structural mem- 
ber for support, with a low permeability graft or fabric 
sleeve either along the entire length cf the structural 
55 member or selectively leaving an open-framed area ex- 
posed, to allow flow from a branch to the artery being 
treated while the required shunting is accomplished. 
Trie stent graft is manufactured in a manner that better 
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ensures that the open-frame structural layer and the 
law-permeability fabric layer remain securely fixed to 
one another as they undergo radial and axial enlarge- 
ments and reductions. Finally, the construction In which 
the structural member surrounds the fabric layer is par- 
ticularly effective in facilitating implantation of a system 
including the bifurcated stent graft and two or more cy- 
lindrical stent grafts insertable into the bifurcated pros- 
thesis. 

Each of the references cited in the foregoing spec- 
ification is incorporated in its entirety, and for all purpos- 



Claims 



4. The prosthesis of claim 1 wherein: 

the structural member extends axlally at least 
over the complete length of the fluid flow guide. 

5 

5. The prosthesis of claim 1 wherein: 

a portion of the structural member extends 
proximally beyond a proximal end of the fluid 
10 flow guide. 

6. The prosthesis of claim 1 wherein: 



15 



a distal portion of the fluid flow guide extends 
distally of the structural member. 



1. An implantable prosthesis for branched internal 
passageways, including: 

an open-frame structural member (34, 94, 126, 
1 46) adjustable between a nominal state and a 
radially-reduced axially-eiongated state ac- 
cording to a first relationship of radial reduction 
vs. axial elongation; 

a fluid flow guide (40, 110, 124, 132,150, 152) 
formed of textile strands (60), substantially im- 
pervious to fluids and adjustable between a 
nominal state and a radially-reduced axially- 
eiongated state according to a second relation- 
ship of radial reduction vs. axial elongation sub- 
stantially equivalent to said first relationship, 
said fluid flow guide including an axially-ex- 
tending first region along which the fluid flow 
guide is tubular to provide a primary conduit; 
wherein the structural member and the fluid 
flow guide are joined to one another to undergo 
radial enlargements and contractions in con- 
cert, with a selected one of the structural mem- 
ber and fluid flow guide surrounding the other; 
and 

a flow dividing feature (56, 112, 114, 134. 136) 
along a second axially-extending region of the 
fluid flow guide, to provide along the second re- 
gion at least two secondary conduits, each sec- 
ondary conduit open to the primary conduit. 

2. The prosthesis of claim 1 wherein: 

the textile strands forming the fluid flow guide 
are substantially inextensable. 

3. The prosthesis of claim 1 wherein: 

the structural member is tubular at least along 
a portion thereof adjacent the first region, and 
said first region and said portion of the structur- 
al member have substantially the same radii 
when in their respective nominal states. 



7. The prosthesis of claim 1 wherein: 

the second region comprises a medial region 
20 of the fluid flow guide disposed between prox- 

imal and distal end regions of the guide, and 
said first region comprises the proximal and dis- 
tal end regions. 

25 8. The prosthesis of claim 1 wherein: 



the fluid flow guide is formed of a continuous 
fabric wall that tends to assume a cylindrical 
shape when not subject to an external force, 
and the flow dividing feature comprises a cou- 
pling of selected portions of the fabric wall that 
are circumferentially spaced apart from one an- 
other when the fluid flow guide is in the cylin- 
drical shape. 
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9. The prosthesis of claim 8 wherein: the coupling ex- 
tends axially along the fluid flow guide. 

10. The prosthesis of claim 8 wherein: 

said selected portions of the fabric wall are 
spaced apart about 1 60 degrees when the fluid 
flow guide is in the cylindrical shape, and the 
fluid flow guide when shaped by said coupling 
forms two secondary conduits about equal to 
one another in size. 

11. The prosthesis of claim 8 wherein: 

the structural member surrounds the fluid flow 
guide, and the at least one coupling comprises 
a line of stitching through said portions of the 
fabric wall. 



ss 12. The prosthesis of claim 1 wherein: 

the coupling includes two adjacent stitchings 
(112, 114) through the fabric wall, with fabric 
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portions between the adjacent stitehings sev- 
ered to lorm separate legs (1 18, 1 20) along the 
second region of the fluid flow guide. 

13. The prosthesis of claim 1 wherein: 

the fluid flow guide surrounds the structural 
member. 

14. The prosthesis of claim 1 wherein: 

the structural member is formed of structural 
strands (36) wound in first and second sets ol 
helices in opposite directions to form a first 
braid angle; 
the textile strands are arranged in third and 
fourth sets of helices wound in opposite direc- 
tions to form a second braid angle; and 
the first and second braid angles are within 
about five degrees of one another. 

15. The prosthesis of claim 14 wherein: 

the first and second braid angles are within 
about three degrees of one another. 

16. An implantable system of prosthetic components, 
including the prosthesis of claim 1, and further in- 
cluding: 

a plurality of tubular stent grafts (74, 76), each 
tubular stent graft being adjustable between a 
nominal state and a radially-reduced axially- 
elongated state, each tubular stent graft lurther 
being insertable into a corresponding one of the 
secondary conduits when in its radially-re- 
duced axially-elongated state and, when so in- 
serted, radially expandable into engagement 
with the fluid flow guide to secure the tubular 
stent graft within its associated secondary con- 
duit 

17. A process for making a stent graft implantable in 
branched internal passageways, including: 

providing a tubular stent (34, 94, 126, 146) 
comprised of a plurality of structural strands 
(36) adjustable between a nominal state and a 
radially-reduced axially-elongated state ac- 
cording to a first relationship of radial reduction 
vs. axial elongation; 

providing a compliant tubular sleeve (40, 110, 
124, 132, 150, 152) comprised of a plurality of 
textile strands (60), having a nominal state in 
which the sleeve is substantially the same size 
and shape as the stent in its nominal state, and 
adjustable between the nominal state and a ra- 
dially-reduced axially-elongated state accord- 
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ing to a second relationship of radial reduction 
vs. axial elongation substantially equivalent to 
said first relationship; 

forming, along an axially-extending selected 
region of the sleeve, a coupling (56, 112, 114, 
1 34, 1 36) of selected portions of the sleeve that 
are circumferentially spaced apart when the 
sleeve is in the tubular shape, to form at least 
two side-by-side fluid conduits along the select- 
ed region, thus forming the sleeve into a fluid 
flow guide having a primary fluid conduit along 
a proximal end region of the sleeve in fluid com- 
munication with the side-by-side fluid conduits; 
positioning a selected one of the stent and the 
sleeve within the other of the stent and sleeve, 
so that said other surrounds the selected one, 
and with the selected one so positioned, bring- 
ing the stent and sleeve into an engagement; 
and 

white maintaining the engagement, binding the 
stent and the sleeve together to form a com- 
posite stent graft 

18. The process of claim 17 wherein: 

said selected one is the sleeve and said other 
is the stent, whereby said positioning compris- 
es disposing the sleeve within the stent for said 
engagement and binding. 



19. The process of claim 18 wherein: 

said forming of a coupling comprises forming a 
first line of stitching running at least approxi- 
mately axially of the sleeve and extending 
through the selected portions of the sleeve. 

20. The process of claim 1 9 wherein: 

said forming the coupling further includes form- 
ing a second line of stitching adjacent the first 
line of stitching, and severing the sleeve be- 
tween the first and second stitching lines. 



45 21. The process of claim 17 wherein: 

said forming a coupling consists essentially of 
forming a single axially-extending coupling to 
form two of said side-by-side fluid conduits. 
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22. The process of claim 21 wherein: 

said selected portions of the sleeve are spaced 
apart about 1 80 degrees, whereby the two side- 
by-side fluid conduits are approximately equal 
in size. 

23. The process of claim 17 wherein: 
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said positioning of a selected one of the stent 
and sleeve lurther includes adjusting the se- 
lected one to reduce its radius Irom that in its 
nominal state, inserting the selected one into 
the other with the radius of the selected one re- s 
duced while maintaining the other in its nominal 
state, then radially expanding the selected one 
toward said engagement 

24. The process of claim 23 lurther including: 10 

before said engagement of the stent and 
sleeve, applying an adhesive (42) to at least 
one of the stent and sleeve. 

16 

25. The process of claim 24 wherein: 

said adhesive is curable and applied uncured 
to the at least one of the stent and sleeve, and 
said binding of the stent and the sleeve com- 20 
prises curing the adhesive with the stent and 
sleeve in said engagement. 

26. The process of claim 17 wherein: 

25 

said providing a tubular stent comprises wind- 
ing a plurality of structural strands into first and 
second sets of helices in opposite directions, 
and said providing a tubular sleeve comprises 
interweaving a plurality of compliant, substan- so 
ttally tnextensabie textile strands into third and 
fourth sets of helices wound in opposite direc- 
tions. 

27. The process of claim 26 wherein: 35 

said winding comprises winding the structural 
strands so that the first and second sets of hel- 
ices form a first braid angle, and interweaving 
the textile strands so that the third and fourth *o 
sets of helices form a second braid angle within 
about five degrees of the first braid angle when 
the stent and sleeve are in their respective 
nominal states. 

45 

28. A body insertable prosthesis, including: 

a compliant and substantially fluid impervious 
sleeve (40, 110, 124, 132, 150, 152) having tu- 
bular proximal and distal end regions defining so 
respective proximal end and distal end fluid 
conduits; 

a tubular open-frame structural member (34, 
94, 126, 146) surrounding the sleeve and fixed 
to the sleeve at least along said tubular end re- 55 
gions whereby the structural member and the 
sleeve are adjustable in concert between a 
nominal state and a reduced-radius state; and 



a flow dividing feature (56, 112, 114, 134, 136) 
defining a plurality of medial fluid flow conduits 
along a medial region of the sleeve, wherein 
each of the medial conduits is open to the prox- 
imal end conduit and to the distal end conduit. 

29. The prosthesis of claim 28 wherein: 

the sieeve is formed of a continuous fabric wall, 
and the flow dividing feature comprises a cou- 
pling of selected portions of the fabric wall cir- 
cumferentially spaced apart from one another 
when the sleeve is in a cylindrical shape. 

30. The prosthesis of claim 29 wherein: 

the coupling comprises a line of stitching run- 
ning axially of the sleeve. 

31. The prosthesis of claim 30 wherein: 

the selected portions of the fabric wall are cir- 
curnferentialiy spaced apart about 180 degrees 
when the sleeve is a cylinder, whereby the cou- 
pling forms two medial conduits of approxi- 
mately equal size. 

32. The prosthesis of claim 29 wherein: 

the structural member and sleeve are reduced 
radially as they are elongated axially, and be- 
have according to substantially the same rela- 
tionship of radial reduction vs. axial elongation. 

33. The prosthesis of claim 32 wherein: 

the structural member is formed of structural 
strands (36) wound in first and second sets of 
helices in opposite directions to form a first 
braid angle, and the sleeve is formed of sub- 
stantially inextensable textile strands (60) 
wound in third and fourth sets of helices in op- 
posite directions to form a second braid angle 
within about five degrees of the first braid angle. 

34. A body implantable system of prosthetic devices in- 
cluding the prosthesis of claim 28 and further includ- 
ing: 

a plurality of tubular stent grafts (74, 76), each 
tubular stent graft being adjustable between a 
nominal stale and a radially-reduced state, 
each tubular stent graft further being insertable 
via the distal end conduit into a corresponding 
one of the medial conduits, and when so insert- 
ed, radially expandable into engagement with 
the sleeve to secure the tubular stent graft with- 
in its associated medial conduit. 
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